Introduction {#sec0005}
============

The geopolitical increase observed among developing counties, and especially in Brazil over the last decade, has led to a typical and unavoidable inversion of the age pyramid. This has established not only a large but also a growing number of elderly people, which in Brazil has already reached 15 million people.[@bib0005] Unfortunately, there is no Brazilian data on the number of arthroplasty procedures per year, but the increasing number of indications that are associated with increasing longevity leads to the supposition that there is a growing need for these procedures.

There is a consensus in the literature that the durability of a knee prosthesis is dependent on the resultant axis of the operated limb,[@bib0010] given that for the procedure to be carried out, the elemental principle used is that the load should be equally distributed between the medial and lateral femoral--tibial compartments.[@bib0015], [@bib0020], [@bib0025] Thus, a lower limb is considered to be aligned when its mechanical axis (the line from the center of the femoral head to the center of the ankle,[@bib0020], [@bib0030], [@bib0035], [@bib0040], [@bib0045] known as the Maquet line[@bib0050]) crosses the center of the knee. The error limit is accepted to be a varus or valgus angular variation of 3°.[@bib0055], [@bib0060] Achievement of this result depends on making the bone cuts perpendicularly to the mechanical axis desired, in association with medial--lateral ligament equalization.

In this context, both navigation-assisted surgery and the classic methods using intra or extramedullary guides have been shown to be effective for achieving an aligned limb. The former has been shown to be effective for good results,[@bib0065] but is limited by the high cost and long learning curve. The classical method, which uses an intramedullary guide for the femur and an extramedullary guide for the tibia, which has gained mass usage within our setting, presents results that are notably satisfactory and easily implemented for planning the bone cuts preoperatively.[@bib0060] Thus, panoramic radiographs of the lower limbs should be obtained before the operation[@bib0070], [@bib0075] and the angle of the distal femoral cut should be determined from the meeting points between the mechanical axes and the femoral anatomy.[@bib0015], [@bib0020] However, these measurements are sometimes neglected,[@bib0080] with regard to either preoperative analysis or postoperative assessment, because of the coast or the difficulty in finding radiological centers that do this type of imaging.

Since surgeons may choose to replace surgical planning with values that have been empirically preestablished, they need to have in-depth knowledge of the epidemiological characteristics that are prevalent in their setting, given that the data available in the medical literature are based on mean angles for American and European populations that have previously been studied.[@bib0030], [@bib0085], [@bib0090] These populations may not represent the individual anatomy of each patient, or even the anatomy of the average Brazilian population, because of the high degree of miscegenation among these people.[@bib0095]

The present study had the aim of determining whether there is a safe angle for distal femoral resection to restore the normal alignment of the limb after total knee arthroplasty (TKA), among the Brazilian geriatric population with knee arthrosis.

Material and method {#sec0010}
===================

From June 2008 to January 2009, panoramic radiographs were produced on 99 lower limbs in 66 consecutive patients (54 women and 12 men) aged over 60 years, who all had knee arthrosis for which conservative treatment (drugs and physiotherapy) had failed. Thus, they all had a surgical indication for replacement arthroplasty, in accordance with the inclusion and exclusion criteria shown in [Table 1](#tbl0005){ref-type="table"}. The reason for excluding patients who were incapable of standing upright or who had rigid deformities in flexion was that it was impossible to produce panoramic radiographs in accordance with the standard established for this study.Table 1Inclusion and exclusion criteria of the study.Inclusion criteriaExclusion criteriaRadiographic diagnosis of primary osteoarthrosisSecondary osteoarthritisSix months of conservative treatmentPresence of ipsilateral knee prosthesis\>18 years of agePresence of ipsilateral hip prosthesisIncapacity to stand uprightDeformity fixed in flexion \> 10°

Before the operation, all the patients underwent panoramic radiography on their lower limbs, performed in the same radiological center. The radiographs were produced with the patients standing upright, with the feet together in the case of patients with varus deformity or the knees together in the case of valgus. The knees were at maximum extension and the lower limbs were at the neutral rotation position, which was ensured by positioning the patella forwards in the direction of the bulb of the X-ray machine.[@bib0100]

The angle of the distal femoral cut was determined from the meeting point between the femoral mechanical axis (FMA)[@bib0015], [@bib0020] and the femoral anatomical axis (FAA) ([Fig. 1](#fig0005){ref-type="fig"}). The FAA was defined by the line that crosses the center of the femoral isthmus (given that according to the literature, this is the point that allows the smallest range of angular error[@bib0105], [@bib0110]) and the center of the intercondylar notch. In turn, the FMA consists of the line that crosses the center of the femoral head (proximally) and the center of the intercondylar notch (distally).Fig. 1Magnification of the femur on a panoramic radiograph on the lower limbs showing the angle of the distal femoral resection determined by the intersection of the femoral mechanical axis (FMA) and the femoral anatomical axis (FAA).

The axes were traced out using a ruler and the angles were measured using a protractor (Desetec^®^ for both instruments), graduated in 0.1 mm and 0.5° divisions. All the measurements were made by the same external evaluator using the same tools.[@bib0075], [@bib0085], [@bib0115]

To calculate the sample size, a 95% confidence interval was used, with precision of 0.3. For the purposes of statistical calculations, the unpaired Student\'s *t*-test was used. Thus, the mean value for the ideal distal femoral resection obtained here was compared with the mean value of 5.7 that had been obtained in a similar, previous study that was conducted on European populations of osteoarthritic patients who had undergone TKA.[@bib0090] The mean, standard deviation and median values for the angle between the FAA and the FMA (angle of the distal femoral cut in TKA), both overall and differentiated according to sex and side, is shown in [Table 2](#tbl0010){ref-type="table"}.Table 2Mean, standard deviation and median values for the angle between the FAA and the FMA (distal femoral resection angle in TKA): overall and differentiated according to sex and side.*Right* Female5.991.24639410.588 Male5.711.1163.577 Total5.951.2263948  *Left* Female6.131.4263.59390.932 Male6.171.11658.512 Total6.141.3563.5951  *Mean for both sides* Female6.021.296.139540.726 Male6.171.25.94912 Total6.051.2763966

Results {#sec0015}
=======

This study included 99 knees from 66 patients, of which 48 were right knees and 51 were left knees, after applying the inclusion and exclusion criteria ([Table 1](#tbl0005){ref-type="table"}).

The mean angle formed by the FAA and the FMA, which was considered to be the angle of the distal femoral cut in a TKA, was 6.05° (range: 3--9°) in the group studied here ([Fig. 2](#fig0010){ref-type="fig"}).Fig. 2Histogram showing the distribution of the distal femoral resection angles in the study.

The distribution of this angle between the sexes showed that the mean was slightly higher among the men (6.17°) than among the women (6.02°), but without statistical significance ([Fig. 3](#fig0015){ref-type="fig"}) (*p* = 0.726).Fig. 3Histogram showing the distribution of the distal femoral resection angles between males and females.

Comparison between the mean value obtained in the present sample (6.05; SD 1.27) and the mean value obtained in literature (5.7°) showed that there was no statistical difference between them (*p* = 0.052).

Discussion {#sec0020}
==========

In Insall\'s classical theory of gap balancing,[@bib0015], [@bib0020] achievement of postoperative mechanical alignment is considered to be fundamental for the longevity of knee prostheses. From this viewpoint, panoramic radiographs become essential for surgical planning and are the most effective means for determining not only the femoral, tibial and whole-limb mechanical axes, but also the effects of support for them, which adds precision to the results.[@bib0075], [@bib0120] This is in contrast to the theory of McGrory et al.,[@bib0060] who advocated planning done only using short films for knees with little deformity, and planning based on the anatomical axes.

Despite all the theories, the questionable practice of replacing preoperative planning with distal femoral bone sectioning at angles measured empirically based on data preestablished in the international literature is well known. Thus, within the Brazilian setting,[@bib0080] preoperative planning has become the exception, either because of difficulty in finding radiological centers that are qualified to perform this procedure or because of the inevitable additional cost. Kapandji[@bib0125] and Maquet[@bib0130] defined the mean angle between the FAA and the FMA as a valgus angle of 6°; on the other hand, Moreland et al.[@bib0010] found a valgus angle of 4°. In turn, Insall and Easley[@bib0135] described the same measurement as a valgus angle of 7° and produced an empirical "confidence interval" for this cut, consisting of a valgus angle range of 4--7°, always in relation to the FAA. However, in the present study, for statistical comparison of the mean angle for the distal femoral resection, the valgus angle of 5.7° was used, based on the study by Deakin et al.,[@bib0090] which was conducted more recently with methodology and epidemiological analysis that were more appropriate.

The first conclusion from this study was that there is no statistical significance regarding the angle formed between the FAA and the FMA, in comparing a Brazilian population (6.05) with foreign populations (5.7). However, a less perceptible yet more important conclusion was that if empirical femoral resection in accordance with what the instruments showed were to be chosen, this would leave 19.7% of the population operated with insufficient alignment of the lower limb, even if an error of 3° in the coronal plane were to be considered acceptable.[@bib0055], [@bib0060] These data are convergent with what is seen in the literature, in which an empirical femoral cut at a valgus angle of 6° would only be reproducible from moderate varus to mild valgus (femoral-tibial angles from varus of 8° to valgus of 1°), which suggests that distal femoral resection with a varus angle \>6° should be used for severe varus deformities (femoral--tibial angle \> varus of 8°) and a valgus angle \< 6° for moderate to severe valgus (femoral-tibial angle \> valgus of 1°).[@bib0090]

Analysis on the question of gender showed that there was no statistical difference within the population studied here, which is coherent with what has been found in the general population,[@bib0040], [@bib0140] but divergent from what was found in the osteoarthritic population of the United Kingdom,[@bib0090] in which the mean angle was greater among males. In fact, despite the lack of statistical significance, the absolute mean value for the angle among males was substantially greater (6.17 versus 6.02), which suggests that if the population studied had been larger (which was the most important limitation of the present study), statistical significance might have ensued.

In the light of the above discussion, it can be stated with similar degrees of precision both that empirical femoral resection at a valgus angle of 6° is appropriate for the Brazilian population and that if surgeons do not wish to exclude a significant minority of the population from the possibility of obtaining good results in terms of alignment, they should plan this stage of the procedure in an individualized manner. Obviously, the angle of femoral resection is just one of the many factors that lead to appropriate alignment, which will be added to other such factors in obtaining a good result. An error in the entry point for the guide nail in the intercondylar area, for example, or even placement of a nail that is shorter than what was planned, may alter the resultant value for the distal femoral angle that is obtained, given that for the measured and constructed angles to be the same, the same anatomical axis needs to be used, with proximal and distal points equal to what was planned, which is not always easy to obtain during the operation. Reed and Gollish[@bib0145] used a mathematical formula based on the divergence of the introduction of the femoral nail guide in relation to the anatomical axis both at the intercondylar point of entry and at the medullary extremity. From this, they demonstrated the potential error in the distal femoral cut and concluded that not only should radiographic preoperative planning be performed, but also, in cases of wide medullary canals, intraoperative radiographs should be produced.

Conclusion {#sec0025}
==========

There was no statistically significant difference in the mean angle formed between the FMA and the FAA, between men and women in the Brazilian population. Likewise, there was no statistical difference in the mean value for this angle between the Brazilian population studied here and the European populations of previous studies. The Brazilian mean angle found was 6.05°. Distal femoral resection with a valgus angle of 5--6°, for TKA, is not completely safe for the Brazilian geriatric population.
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